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ABSTRACT

An attompt was mede to clone rhesus marrow cells within the spleens of iethally
jrradiated rhesus monkeys. Twelve animals received autologous transplanta; 2 animals
recelved sllogeneic transplants; and 4 animals served as irradiation controls. Ten
days following transplentation {or irradiation, in the case of the controls) the animals
ware sacrificed and their spleens removed. No macroscopic nodules were found in
any of the spleens; microscopic examination of subserial sections revealed scatter~d
erythrocytic clones in 8 of 14 animals that received transplants. Reticulocyte cou
peripheral leukocytes, and cellularity of marrow apaces indicated that the transplanted
mearrow had prolifarated in 18 of the 14 animals with transplants. Under our condi-
tions, significant marrow cloning did not oceur in spleens of lethally irradiated rhesue
monkeys in # manner analogous to thai described in similar studies with rodents.
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ATTcMPT TO CLONE MARROW CELLS IN SPLEENS OF LETHALLY
IRRADIATED RHESUS MONKEYS

I. INTRODUCTION

The ability of murine marrow cells to form
clones in the spleens cf lethalily irradiated mice
as described by Till and McCulloch (5) has
proved a useful method for investigating cel-
lular and marrow kinetics. Recently this tech-
nic has been extended to the rat by Comas and
Byrd (1). Attempts to clone rhesus marrow
cells in the spleens of lethally irradiated mice
have yielded essentially negative results in
our laboratory. This may be the result of re-
jection of the xenogeneic marrow, nonspecific
cy.ctoxic antibodies, or a fundamental dif-
ference between primate and roder tem cells.
Several species normally contain hematopoietic
tissue within their spleens throughout life, but
the rhesus monkey is not included in this
group. One inight speculate that attempts to
clone marrow cells within primat> spleens in a
manner analogous to that used in rodents
would be destined to fail for lack of a proper
environment in the primate spleen or because
of a difference in the cells responsible for re-
populating the marrow spaces, or for both of
these reasons. A successful method of cloning
marrow in primate spleens would permit ex-
tension of some basic radiation biology technics
to a higher animal. Attempts were, therefore,
made to accomplish this.

II. METHODS

Eighteen rhesus monkeys, 1anging in
weight from 2.5 to 4.0 kg., were nsed as sub-
jects in this study. The transplantation tech-
nic has been described in detail elsewhere (2),
but may be briefly summarized as follows:
Bilateral aspiration of femoral marrow was

performed under sodium thiopental anesthesia.
During and after aspiration the marrow was
mixed with approximately 200 ml. of chilled,
heparinized TC-199 medium ¢Difco) and stored
in ice until centrifuged. Following centrifuga-
tion, the majority of the supernatant fluid was
removed so that the final volume ¢f the mar-
row mixture was 20 to 30 ml. This was stored
at 2° to 4°C. until infused into & leg vein of
the recipient animal.

After recovery from anesthesia, the an-
imais received a midline air exposure of
1,000 R (830 rads) irom a cobalt-60 source via
anterior and posterior fieids at a rate of 106 R
per minute. Exposure doses were measured in
air with a Victoreen high-energy chamber
placed in a position corresponding to the mid-
line of the irradiated animal. The calculated
absorbed dose was based on determinations
made in a Msscnite monkey phantom.

The animals were divided into 4 groups:
Group 1, a control group of 4 animals that
received 25 ml. of TC-199 after irradiation;
group 2, 6 animals that received autologous
marrow 1 to 2 hours after irradiation; group 2
6 animals that received autologous marrow
24 hours after irradiation; and group 4, 2 an-
imals that received allogeneic marrow trans-
plants 1 to 2 hours after irradiation.

Penicillin (300,00 units) and 40 mg. of
tetracycline were administered intramuscularly
once a day from the second postirradiation day
until sacrifice.  Baseline peripherai blood
samples were obtained immediately before
marrow aspiration and additional samples were
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obtsined 7 and 10 days postiransplantation (or
postirradiation, in the case of the control
group). The 10.day sample was obtained at
the time of sacrifice.

All animals were sacrificed by intravenous
sodium pentobarbital. The spleens were im-
mediately removed, sliced at 6-mm. intervals,
and fixed in either buffered formalin or
Bouin’s solution. After fixation, sections
(6 thick) were cut from paraffin-embedded
specimens. All blocks were serially sectioned,
and every lath and 15ih section mounted ous a
glass shide and stained with either hematoxylin

and eosin (H & E) or Giemsa. similar prep-
arations werz made of sections from the
sternum and the eighth thoracic vertebra

III. RESULTS

Since the aspirated marrow contained an
unknown quantity of blood, the marrow cell
counts have been expressed as the number of
nucleated cells infused per Kkilogram. The
number of nucleated cells infused, the reticulo-
cyte and leukocyte counts, and a subjective
estimate o1 the bone marrow cellularity are
presented in table I. With the exception of

TABLE 1

Peripheral blood data, preirradiation and postirradiation, number of
nucleated cells infused, and marrow cellularity at sacrifice

number per kg.  {cellularity
Baseline | Day 7 | Day 10 |Baseline |Day 7 | Day 10 (x 108) (%)
1— 1 17.2 0.20 [0.46 03 0.0 {00 —_ Aplastic
No bone marrow 2 108 | 0256 1030 0.4 0.0 [0.0 — Aplastic
] 13.2 0.30 |Hemolyzed| 08 0.0 |Hemolyzed — Anlastic
4 10.4 0.20 |Dead 0.8 0.0 |Dead —_ Aplastic
2 — b 88 0.30 [0.90 0.1 0.0 0.3 29 30
Autologous marrow, 6 83 0.40 [0.60 0.5 0.0 {05 s.1 40
itzgnz hr. postirradi-| 4 75 | 030 |00 02 |00 o7 3.6 55
8* 78 0.20 {0.65 0.5 0.0 0.1 1.8 b
9 9.7 020 |0.45 0.6 0.0 0.3 5.2 28
10 11.3 0.15 10.35 03 0.0 0.5 64 20
3 — ilt R.2 025 11.00 0.6 0.0 0.5 41 20
Autologous marrow, 121 12.7 0.26 {0.80 0.5 0.0 0.3 4.0 30
o he. postirradia- 13 8 |025 140 03 |00 Jo7 &1 35
1471 20.0 0.456 [1.00 0.2 0.0 0.4 6.7 20
16 9.7 030 ]1.00 0.1 0.0 0.3 49 20
16 111 0.40 0.80 0.4 0.0 1.0 4.6 25
4 — 17 156.7 0.560 [0.25 0.2 0.0 0.7 3.5 156
Allogeneic marrow, 181¢ 127 1.10 0.5 0.3 0.1 1.3 5.8 75
1 to 2 hr. post-
irradiation

*Probably no marrow take.
tMicroscopic splenic clones.

$Gromsly normal spleen.




animal 8, by the 10th day ther~ was evidence
of marrow proliferation in the transplanted
groups as reflected by the rising leukocyte and
reticulocyte counts. The low reticulocyte
count of animal 8 on day 10 suggests that the
transplanted marrow did not take in that
animal. This animal received the lowest num-
ber of nucleated cells per kilogram and ex-
hibited the least degree of marrow cellularity
(table I). One of the 4 animals which did not
receive marrow was dead on the morning of
the 10th day; the 10-day blood sample of an-
other was hemolyzed. In the other 2 control
animals, the 10-day reticulocyte counts were
zero, a finding which concurs with previously
published data from our laboratory showing
no evidence of recovery after 11 days in mon-
keys receiving 980 R (810 rads) under similar
conditions (2).

On gross examination, the majority of the
spleens appeared relatively small with grayish,
contracted capsules. The spleens from 2 animals
that received autologous marrow 24 hours post-

irradiation ancé from 1 animal that received an
allogeneic transplant were normal in size and
had a brownish-red appearance. In no instance
were nodules grossly visible beneath the
capsule or on a cut surface in either the fresh
or fixed state.

In the group not receiving marrow trans-
plants, splenic gections were characterized
histologically by lymphecytic depletion of the
follicular areas. All that remained in these
areas were reticulum cells and an occasional
lymphocyte or plasma cell. Germinal centers
were not present and mitotic figures were not
seen in the follicular areas. The red pulp was
not remarkable and sinusoids contained small
to moderate numbers of mature > *Liscytes
Scattered sinusoidal lining cells had hemo-
giderin granules within their cytoplasni. Bone
marrow sections were characterized by nearly
complete cellular aplasia with widely isolated,
small clusters of immature erythrocytic cells
together with normal components of endothe-
lial, reticulum and plasma cells (fig. 1).

FIGURE 1

Marrow section from amimal §.
eolln.

Marvow spaces are ersexhally deverd of
Capillaries coniain numercss er ythrocptes.
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Eleven of the 12 animals that received
autologous marrow had microscopic evidence
of marrow takes as reflected by the cellularity
of the marrow spaces (table I). Neither bone
marrow nor splenic sections from animal 8
showed evidence of significant masarrow or
lymphocytic cell proliferation.

The following results apply to the remain-
ing 11 animals receiving autologous marrow
transplants. Widely scattered small, micro-
scopic clenes of :mmature ervthrocytes were
present in the spleens of animals 11 and 14
{(fig. 2). The erythrocy.ic clones were small,
consisting of less than 50 cells, most of which
were at a rubricyte stage of development.
Mitotic figures were visible within these
clusters of immature erythrocytes. Three ad-
ditional animals that received autologous mar-
row 24 hours postirradiation and one tnat
received autologous marrow on the day of
irradiation had widely scattered small clusters
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or row.. of nucleated erythrocytes, 4 to 8 cells,
in sinusoidal areas. The absence of mitotic
figures made it questionabie it these cells arose
in situ. In 10 animals, scattered individual
nucleated red cells, rubricyte types, were visible
within the splenic sinusoidal lumens indicating
they were free within the circulatory channels.
Mitotic figures were occasionally observed in
sinusoidal areas, but the cell types couid not
be identified with certainty. In none of the
sections were clones of granulocytic cells seen.
although small to moderate numbers of band-
and segmented neutrophiis were present in
sinusoidal lumens in 11 animals. Evidence of
repopulation of the splenic follicular areas was
present in the 11 animals as varying numbers
of lymphocytes and mitetic figures were easily
di.unguishable. In 4 animals, repopulation
had progressed to the extent that small
germinal centers had reformed. Subjectiv
appraisal of sternal marrow sections from the
11 animals revealed 205 to 60% of the marrow

FIGURE 2

Spientc srction from animal 14 ddluslrating a emall trregularly shaped
cluster of macleated erythrocyter, 10 daye cfter antologous marrow {ramaplant.
The dark-s:aimming nucleated eryihre-ytes are [Ccated near o follicklar artery
H&E .« 215




spaces to be occupied by cellular elements com-
pared to 10% to 50% in vertebral sections
(fig. 8). Cell types included those of the
granulocytic series, ervthrccytic series, and
megakaryocytes.

One of the 2 animals (No. 18) which re-
ceived allogeneic bone marrow had 3 clones of
immature erythrocytic cells around aplenic
central arteries (fig. 4). These clones con-
tained mitotic figures and one clone extended
through sections taken over 10uu apart.
Splenic follicles in each of these animals
showed cellular repopulation with large blast-
type cells of the Ilymphoreticuiar variety.
Numerous mitotic figures were interspersed
among these cella. The red pulp showed focal
areas of hemorrhagic necrosia and marked
proliferation of sinuaoidal iining cells. Marrow
sections from animal 18 showed normal cel-
lularity as approximately 756% of the marrow
spaces contained cellular elements: in the othier

animal that received sllogeneic murrow, about
156% of the mai:row spaces were occupied by
cells.

IV. DISCUSSION

If adecuate numbers of bone marrow cells
are injected into lethally irradiated mics, it is
possible to produce significant numbers of
grossly visible splenic clones by 10 days after
transplantation. Till and McCulloch (5) re-
ported approximately one splenic colony per 10¢
nucleated cells injected in mice; similar figures
have been reported by other authora. Comas
and Byrd (1), using Fischer-334 rats, f»und
4.4 splenic coionies per 10° marrow cells in-
jected. Senn et al. (4) have described the
capacity of human bone marrow cellz to form
colonies on soft agar cultures and to produce
an average of 34 colonies per 10° nucleated
cells. In the present study the number of
nucleated cells infused per lilogram was

FICURE 3

Marrow section from owmai 7.

Marrow spaces skow repopulalion withA

celivilar elements, a development which contrasts sharnly with (Ra! of tAe

irradialed, noninfused anvmal tliustrated s» figure ;.
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FiGURE 4

Small clone of nucleated erythrocytes tn animel 18 that received allogeneic
marrow 10 days previously. Dark-stair ng, nucleated erytRrocytes are located

in a folliculur areec. H & E x 215.

several orders of ::agnitude higher than that
reqguired to yield splenic colonies in rodents.
This resulted in only scattered microscopic
clones in the spleens of 3 out of 14 monkeys.
iross nodules vere not found in any of the
spleens. While the lack of a significant num-
ber of colonies at 16 days does not nreclude
iaeir appearances at a later time, their presence
would probably contribute little directly to the
recovery ~f the animal. The evidence c¢I
lymphocytic repopulation ir splenic follicular
areas in 13 cut of 14 marrow-infused animals
demonstrated the ability of transplanted im-
mature cells to seed and proliferate in one of
their major sites of production. N.well et
al. (3) have demongtrated in mice that injected

hematopoieti~ cells have a predilection to pro-
liferate in sites in which they are normally
found. The marrow and lymphocytic prolifera-
uon a8 described above in the monkey might
also be considered an example of the “homing
instinct” for these types of cells.

Thus, under the conditions described,
rhesus marrow cells did not proliferate to a
significant degree in the spleens of lethally
irradiated rhesuz monkeys. This observation,
together with the evidence that transplanted
marrow did proliferate elsewhere, suggests
that significant splenic cloning may be limited
to species in which the spleen normally hosts
hematopoietic activity.




2.

REFERRNCES

Comas, F. V,, and B. L. Byrd. Hemopoietic spleen
colonies in the rat. Radiat. Res. 32:255-385
(1967). °

Eitringham, J. R, D. R. Anderson and R. L.
DeBari. Effect of azathioprine and amethop-
terin on secondary dizease in the rhesus monkey.
SAM-TR-67-94, Sept. 1867,

Nowell, P. C,, et al. The distribution and & situ
growth pati ™n of injected rat marrow in x-

irradiated mice. J. Nat. Cancer Inst. 18:127-144

(1257).

4. Sean, J. S. E. A. MeCulioch, and J. E. THL
Comparison of colony-forming ability of nor-
mai and leukemic human marrow in cell culture.

Lancet 2:507-508 (1967).

§. ‘hill, J. E., and E. A. McCulloch, A direct messure-
ment of the radiation szensitivity of norwral

mouse bone marrow cells,
222 (1g6l).

Radiat. Res. 14:2i3-




UNCLASSIV

Secunty Classification

DOCUMENT ¢ 4TROL DATA-R&D

‘Secucity classification of title, body of abztiact and .- xong annctation must be entered when the overall repcet {a claeaifiad)
1 ORIGINATING AZTivi¥y ‘Corporate authorl 28. REPORY SEC:RIYY CLASSIFICATION
USATF School of Aerospace Medicine UNCLASSIFIED
Aerospace Medical Division (AXSC) 70 GRoum
Brooks Air Force Base, Texas |

3 REVLPOSTY TiTLE

ATTEMPT TO CLONE MARRQOW CELLS IN SPLEENS OF LETHALLY
IRRADPIATED RHESUS MONKEYS

4 DESCRIPTIVE NDTES (Type oi repor! and inclurive daies;

| Final report 1366 -~ 1969

James K. Eltringham, Captain, USAF, MC
Harold W . Casey, Major, USAF, VC

3. AUTHORS) (Flrat nams, middie tnitial, last name) - o

8 REPORTY DATE ra, TCTAL NQ. OF PAGES 74, NO. OF REFS
Novemuer 1669 1 5
8a. CONTRACT OR GRANT NO 92, ORIGINATOCR'S REPORT NUMEBER{3)

b, PROJECT NO

SAM-TR-A9-74

y )
c. Task Nos. 7757 (3 95. CTHER REFORT NO(3) (Any other nu.bers that may be masigned

775% l i this report;
d.

10. DISTRIBUTION SYATEMENT

This document has been approved for public release and sale; its distribution
is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONSCRING MILITARY ACTIVITY

USAF School of Aerospace Medicine
Aerospace Medical Division (AFSC)
Brooks Air Force Base, Texas

13. ABSTRACT

An attempt was made to clone rhesus marrow cells within the spleens of
lethally irradiated rhesus monkeys. Twelve animals received autologous
transplants; 2 animals received allegeneic transplants; and 4 animals served
as irradiation contrcls. Tendays following transplantation (or irradiation, in
the case of the controls) the animals were sacrificed and their spleens removed.
No macroscopic nodules were found in any of the spleens; microscopic exami-
nation of subserial sections revealed scattered erythrocytic clones in 3 of 14
animals that received transplants. Reticulocyte cornte, peripheral leukocytes,
and cellularity of marrow spaces indicated that the transplanted marrow had
proliferated in 13 of the 14 animals with transplants. Under our conditions,
significant marrow cloning did not occur in spleens of lethally irradiated
rhesus monkeys in a manner analogous to that described in similar studies
with rodents.

DD 2™.1473 UNCLASSIFIED

Security Classification




UNCLASSIFIED
Security Classification :
LINK A LINK B LINK C
KEY WORDR
ROLE wT ROLE wT ROLE wT
Radiobiology 1 1
Marrow transplants
»adioprotection
Splenic clone
i’ imate splenic bistology

UNCLASSIFIED

Security Clamnification




